Introduction
Human immunodeficiency virus (HIV) vaccines and microbicides hold promise for preventing the acquisition of HIV-1 infection [1, 2] , but the success of designing such agents needs a clear understanding of the mechanisms of HIV-1 transmission at the initial site of infection [3] . Most HIV-1 infections occur during heterosexual intercourse, and women are more likely to become infected than men (http://www.unaids.org/en/KnowledgeCentre/HIVData/Epi Update/EpiUpdArchive/2007default.asp). Initial exposure to HIV-1 during sexual transmission occurs in the genital tract; however, little is known about HIV-1-specific immune responses at this site.
Chemokines are known to function as regulatory molecules in leukocyte maturation, trafficking and recruit-ing to sites of inflammation [4] . Besides these functions in the immune system, certain chemokines and their receptors are involved in HIV-1 pathogenesis. The β-chemokines macrophage inflammatory protein (MIP-1α/CCL3), MIP-1β/CCL4 and regulated on activation normal T cell expressed and secreted (RANTES)/CCL5 are natural ligands for the HIV-1 co-receptor CCR5. The antiviral activity of these molecules is exerted by competition with HIV-1 for receptor binding capacity and the attraction of immune cells. High copy numbers of CCL3L1 and CCL4L1 genes (encoding MIP-1α and MIP-1β, respectively) are associated with higher chemokine production and lower risk of HIV-1 infection [5, 6] . Genital RANTES levels were increased in HIV-1-exposed persistently seronegative women [7, 8] . On the other hand, chemokines may have an opposite effect by promoting inflammation including up-regulating of HIV-1 receptors thereby recruiting more targets cells for HIV-1 replication. Indeed, elevated genital levels of RANTES have been correlated with increased numbers of HIV-1-susceptible cells in the cervical mucosa [9] . Elevated serum levels of monocyte chemotactic protein (MCP-1/CCL2) have been positively correlated with the plasma viral load by driving recruitment of target cells [10] . HIV-1-infected individuals had higher levels of plasma interferon (IFN)-inducible protein (IP-10/CXCL10) and monokine induced by IFN-γ (MIG/CXCL9) compared with those in HIV-1-uninfected subjects [11] .
We have recently shown that HIV-1-infected female commercial sex workers (CSWs) had significantly higher levels of tumour necrosis factor (TNF)-α and IFN-γ in cervicovaginal lavage (CVL) samples compared with those in both HIV-1-unifected CSWs and HIV-1-uninfected non-CSW control women [12] . Moreover, increased levels of interleukin (IL)-1β, IL-6 and TNF-α in the female genital tract have been associated with enhanced HIV-1 shedding at this site [13] . Importantly, these observations were not reflected at the systemic level [12, 13] suggesting that the mucosal inflammation observed in HIV-1-infected women is associated with recruitment, differentiation and activation of immune cells, which act as targets favouring viral replication and viral dissemination at the initial site of exposure.
In order to characterise the factors involved in the modulation of the inflammatory response associated with HIV-1 susceptibility, we have measured and compared the expression levels of chemokines in the CVL samples and serum of HIV-1-infected CSWs, HIV-1-uninfected CSWs, and HIV-1-uninfected non-CSW control subjects at low risk for HIV exposure. We report that in HIV-1-infected CSWs, levels of MCP-3/CCL7 and MIG were significantly higher in the genital mucosa than in the blood, suggesting a chemotactic gradient favouring the recruitment of immune cells contributing to the mucosal inflammatory response observed in these women. However, the blood levels of MIP-1α and MIP-1β were higher in HIV-1-uninfected CSWs compared with those in the other groups demonstrating that the expression of these β-chemokines at the systemic level is associated with protection from HIV-1 infection.
Methods
Study populations Female CSWs were enrolled through a dedicated sex worker clinic in Cotonou, Benin, and were divided into two groups: HIV-1-uninfected CSWs (n=58) and HIV-1-infected CSWs (n=50). The HIV-1-uninfected non-CSW control subjects at low risk for exposure (n=53) were enrolled from a general health clinic in Cotonou. This study was approved by the Ministère de la Santé du Bénin and by the CHUM human research ethics board. Women were invited to participate in the study as they attended clinics. Women were excluded from the study if less than 18 years old, menstruating or pregnant. All subjects provided written informed consent. At enrolment, participants were asked to answer a questionnaire about demographic information, sexual behaviour, duration of prostitution, number of sex partners, condom use, vaginal douching practices and reproductive history. Each participant underwent a genital examination by a physician. Vaginal specimens were obtained for diagnosis of candidiasis, Trichomonas vaginalis infection and bacterial vaginosis by microscopic examination. Endocervical swabs were obtained to test for Neisseria gonorrhoeae and Chlamydia trachomatis infection using BD ProbeTec ET system (Strand Displacement Assay, Becton Dickinson, Heidelberg, Germany). Peripheral blood was taken for HIV, syphilis and herpes simplex (HSV)-2 serologies and for HIV-1 viral load, CCR5 genotype and cytokine determination. Plasma and serum were kept frozen at −80°C until use. HIV-1 positivity was defined by the presence of HIV-1 antibodies tested with Vironostika HIV Uni-Form II Ag/Ab (Organon Teknika, Boxtel, The Netherlands). Non-reactive samples were considered HIVseronegative, whereas reactive samples were tested with Genie II HIV-1/HIV-2 (Bio-Rad, Hercules, CA, USA). Genie II dually reactive samples (to HIV-1 and HIV-2) and discordant samples (Vironostika reactive/Genie II nonreactive) were further tested by INNO-LIA HIV I/II Score (Innogenetics NV, Technologiepark 6, Gent, Belgium). Plasmatic HSV-2 IgG detection was determined with the Captia anti-HSV-2 IgG specific test (Trinity Biotech, Bray, Ireland). HIV-1 viral loads were determined in the plasma of all HIV-1-infected CSWs using VERSANT HIV-1 RNA 3.0 Assay (bDNA; Siemens Medical Solutions Diagnostics, Tarrytown, NY, USA). DNA samples were genotyped for the CCR5 32-bp deletion allele [6] , and all women were found to be homozygous for the wild-type allele.
Mucosal sample collection and preparation CVL samples were obtained from all study participants by a physician using a 10-ml syringe filled with sterile phosphate-buffered solution and aimed directly into the cervical os; CVL fluids were then collected, transferred immediately into 20 ml of RPMI-1640, kept on ice and processed within 1 h. CVL samples were centrifuged at 1,500 rpm for 10 min to remove cells and debris, and supernatants were stored at −80°C until shipped on dry ice to Montreal, Canada. CVL samples were concentrated with Amicon Ultra-15 3 kDa (Millipore, Billerica, MA, USA) prior to chemokine measurement.
Chemokine measurement Chemokine levels were determined in serum and CVL samples using the Bio-Plex cytokine/chemokine assay kit I and II (Bio-Rad), which All risk factor data were collected via a questionnaire administrated before samples were collected. Gynaecological exams and biological sampling were performed by a physician without knowledge of HIV status of the women to avoid potential bias CSW commercial sex worker, HIV-1 human immunodeficiency virus type 1, HSV-2 herpes simplex 2, N number of participants, NA nonapplicable, NS nonsignificant, NG/CT Neisseria gonorrhoeae/Chlamydia trachomatis a P values for the comparison across all groups were calculated with one-way analysis of variance for the age, days since last menses, MannWhitney U test for the duration of sex work and average number of clients, chi-square test for regular partner, vaginal douching, condom use, vaginosis, candidiasis, NG/CT and HSV-2 The lower detection limit for each assay was 2.7 pg ml −1 for IP-10, 1.7 pg ml −1 for MCP-1, 1.5 pg ml −1 for MCP-3 and RANTES, 0.5 pg ml 
Results

Demographic, Sexual Behaviour and Genital Infection Characteristics of the Study Groups
These data were collected to address the issue of confounding variables for risk of HIV-1 infection and mucosal immune responses. The three groups were similar with respect to age, days from last menses, vaginal douching and the presence of vaginosis and candidiasis as determined by microscopic examination of vaginal specimens (Table I ). The HIV-1-uninfected non-CSW control subjects were more likely to have a regular partner (P=0.04) and less likely to be positive for C. trachomatis and/or N. gonorrhoeae by strand displacement assay on endocervical swabs (P=0.03) and to be HSV-2 seropositive (P<0.0001) than the HIV-1-infected and HIV-1-uninfected CSW women. Duration of sex work, average numbers of clients during the past week and condom use were equivalent between the HIV-1-infected and HIV-1-uninfected CSW groups.
Chemokine Expression Patterns in the Cervicovaginal Lavage Samples
HIV-1-infected CSWs had higher levels of MCP-3 and MIG than did the HIV-1-uninfected CSWs (P=0.023, P<0.0001, respectively) and the HIV-1-uninfected non-CSW control women (P=0.0004, P<0.0001, respectively; Table II ). The level of MCP-1 was significantly different between the HIV-1-infected CSW and HIV-1-uninfected non-CSW groups (P=0.004), with higher levels observed in HIV-1-infected CSWs. The percentage of women producing significant amounts of MCP-1 and MCP-3 (concentration above the LDL) was significantly higher in the HIV-1-infected CSW group compared with that in HV1-uninfected non-CSW group (Fig. 1) . Interestingly, MIP-1α expression level was higher in HIV-1-uninfected CSWs compared with that in both HIV-1-infected CSWs (P=0.016) and HIV-1-uninfected non-CSW women (P=0.001). The expression level and detection rate of MIP-1β and RANTES were significantly different between the CSW and the non-CSW groups. HIV-1-uninfected non-CSW subjects had lower levels of MIP-1β and RANTES than did the HIV-1-infected (P=0.009, P=0.004, respectively) and the HIV-1-uninfected (p=0.043, P=0.021, respectively) CWS groups. Accordingly, MIP-1β and RANTES detection rates were lower in the non-CSW group compared with that in both CSW groups (Fig. 1) . There was no significant correlation between the CVL chemokine expression patterns and the presence of N. gonorrhoeae and/or C. trachomatis genital infections or HSV-2 seropositivity either within groups or among all study participants. There was no correlation between the HIV-1 viral load and the levels of chemokines in the CVL samples of the HIV-1-infected CSWs.
Chemokine Expression Patterns in Serum
Based on our previous findings showing important differences in immunoregulatory cytokine expression patterns in the systemic and genital tract compartments of these The lower detection limit for each assay was 2.7 pg ml −1 for IP-10, 1.7 pg ml −1 for MCP-1, 1.5 pg ml −1 for MCP-3 and RANTES, 0.5 pg ml women [12] , we also examined the pattern of chemokine expression in the serum of all participants. HIV-1-infected CSWs had higher levels of IP-10, MCP-3 and MIG than did the HIV-1-uninfected CSWs (P < 0.0001, P = 0.02, P<0.0001, respectively) and the HIV-1-uninfected non-CSW control women (P<0.0001, P=0.002, P<0.0001, respectively; Table III ). In addition, the percentage of women with detectable level of MCP-3 was significantly higher in the HIV-1-infected CSW group compared with that in both the HV1-uninfected CSW and non-CSW groups (Fig. 2) . Interestingly, MIP-1α and MIP-1β levels were higher in HIV-1-uninfected CSWs compared with those in both HIV-1-uninfected non-CSW controls (P=0.03, P=0.002, respectively) and HIV-1 infected CSWs (P=0.0002 for MIP-1β). HIV-1-uninfected CSWs had higher level of MCP-1 than did HIV-1-infected CSWs Fig. 2 Distribution of IP-10, MCP-1, MCP-3, MIG, MIP-1α, MIP-1β and RANTES serum levels according to the study groups. Serum chemokines levels were quantified by Bio-Plex cytokine/chemokine assay (Bio-Rad) and normalised to a standard curve. The LDL for each assay was determined as the last point on the standard curve, 2.7 pg ml −1 for IP-10, 1.7 pg ml −1 for MCP-1, 1.5 pg ml −1 for MCP-3 and RANTES, 0.5 pg ml −1 for MIG and 1 pg ml −1 for MIP-1α and MIP-1β. Sample measurements below the LDL were assigned a value of 0. Values are expressed in pg ml . Owing to the high number of samples below the assay LDL, chemokine levels were dichotomized as detectable and undetectable in all analyses. Comparisons of the chemokine detection rates (percent of women producing chemokine levels above the LDL) between two study groups were examined with the chi-square test. Significance levels are shown as single asterisk: P<0.05 and double asterisk: P<0.001. Differences that were not statistically significant are not illustrated. IP interferon-inducible protein, LDL lower detection limit, MCP monocyte chemotactic protein, MIG monokine induced by gamma interferon, MIP macrophage inflammatory protein, RANTES regulated on activation normal T cell expressed and secreted (P=0.01). The detection rate of MIP-1α was significantly higher in CSWs compared to controls, whereas those of MCP-1 and MIP-1β were similar among all groups. Although RANTES level was lower in HIV-1-uninfected CSWs compared with those in the other groups, the detection rate was similar among all groups. There was no correlation between the HIV-1 viral load and the levels of chemokines in the serum of the HIV-1-infected CSWs.
The chemokine expression levels differed considerably between the blood and genital tract compartments of all participants. Levels of MCP-3 and MIG were significantly higher in the mucosal than in the blood samples (P=0.002, P=0.0004, respectively). Inversely, levels of MIP-1α and MIP-1β were significantly higher in the blood than in the genital mucosa (P<0.0001, P<0.0001, respectively). The differences in the level of chemokine expression between the blood and the female genital tract compartments allowed us to identify a chemotactic gradient associated with HIV-1 infection (Fig. 3) .
Discussion
Understanding the mucosal immunology and its link to the systemic immune system is pivotal for the design of strategies for blocking HIV-1 at ports of entry and preventing its dissemination. The present study shows that the pattern of chemokine expression in the genital mucosa displays characteristic features that are distinct from those of the systemic immune compartment and is associated with HIV-1 infection.
HIV-1-infected CSWs had significantly higher blood and genital levels of MCP-3 and MIG compared with those in both the HIV-uninfected CSW and non-CSW groups. Importantly, the levels of these chemokines were significantly higher in the genital mucosa than in the blood. These results are consistent with our previous findings showing that the production of pro-inflammatory cytokines such as TNF-α and IFN-γ is increased in the genital but not in the systemic compartment of HIV-1-infected CSWs [12] and suggest a chemotactic gradient favouring the recruitment of immune cells in the genital mucosa contributing to the local inflammation observed in these women. The mucosal inflammation may favour disease progression/perpetuation by recruiting more HIV-1 target cells and causing a mucosal environment that promotes viral replication and viral dissemination beyond the initial site of infection [14, 15] . Accordingly, a recent study has shown that increased genital level of RANTES correlates with an increase in the number of HIV-1 susceptible target cells such as CD4 + T and immature dendritic cells in the cervical mucosa [9] . Previous studies demonstrating the association between elevated genital RANTES level and HIV-1 resistance [7, 8] did not control for potential confounding factors that may result from high-risk sexual practices themselves, rather than representing a mechanism of immune protection from HIV-1 acquisition. Indeed, we found that both the HIV-1-uninfected and HIV-1-infected CSWs had higher genital levels of MIP-1β and RANTES than did the non-CSW controls, suggesting that their production might be related to the practice of sex work. The CSWs were more likely to have multiple partners, genital co-infections such as C. trachomatis and N. gonorrhoeae and to be HSV-2 seropositive than did the non-CSW controls (Table I) . Exposure to semen can elicit the expression of cytokines and chemokines in the female genital tract [16] . Given that CSWs have multiple partners and are presumably exposed to a broader spectrum of semen than are non-CSW women, this could potentially contribute to the relatively higher level of chemokines observed in the genital mucosa of CSWs. Genital co-infections can also induce the production of a wide range of pro-inflammatory cytokines and chemokines in the genital tract and have been shown to increase the risk of HIV-1 acquisition [17] [18] [19] [20] [21] . However, we found no correlation between the presence of genital co-infections and the risk of HIV-1 infection or the chemokine and cytokine [12] expression patterns. We cannot exclude the possibility that other genital infections such as chancroid, donovanosis and human papillomavirus could have influenced the risk of infection or the production of chemokines and cytokines. Although we did not test specifically for these infections, none of the participants had evidence of characteristic genital chancres, ulcers and/or condylomas associated with these illnesses (data not shown).
The fact that some individuals remain persistently seronegative despite high exposure to the virus, such as the HIV-1-uninfected CSWs presented herein, implies that there are host factors that are highly protective. Until now, HIV-1 resistance has been attributed mainly to the production of genital HIV-1-specific cytotoxic T cells and neutralising IgA [22] [23] [24] . Here, we showed that HIV-1-uninfected CSWs had significantly higher levels of MIP-1α in the genital mucosa than did both the HIV-1-infected CSWs and HIV-1-uninfected non-CSW women. Moreover, the serum levels of MIP-1α and MIP-1β were higher in HIV-1-uninfected CSWs compared with those observed in the other groups. These results are in agreement with recent reports demonstrating high copy numbers of CCL3L1 and CCL4L1 genes (encoding MIP-1α and MIP-1β, respectively) were associated with higher serum level of β-chemokines and lower risk of HIV-1 infection [5, 6] . Moreover, it has been shown that in vitro-stimulated peripheral blood mononuclear cells from HIV-1-exposed uninfected individuals produced higher level of β-chemokines compared with those from HIV-1-infected individuals [25] .Taken together, these results suggest that natural resistance to HIV-1 could be partly due to a greater capacity to develop a stronger immune response, involving the early release of β-chemokines. Indeed, the production of MIP-1α and MIP-1β affects the outcome of Th1-and Th2-mediated responses and enhances the development of both humoral as well as cellular mucosal and systemic immunity [26, 27] . The levels of MIP-1α and MIP-1β were significantly lower in the genital mucosa than in the blood suggesting that the main site of production of the β-chemokines associated with HIV-1 resistance is not in the cervix or the vagina. Although the mechanism of protection remains unclear, the relatively low level of MIP-1α and MIP-1β in the genital mucosa might reduced the number of CCR5 + target cells available for HIV-1 at the initial site exposure. On the other hand, the elevated level of MIP-1α and MIP-1β observed in the serum of the HIV-1-uninfected CSWs might reflect immune activity upstream the female lower genital tract to contain viral dissemination beyond the cervicovaginal barrier. This highlights the importance of enhancing our knowledge of the mucosal immunity at the portal of entry of the virus and its link to systemic immunity in order to develop preventive strategies such as microbicides and vaccines.
